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Places Of an expanded, fibrillated, 
iipoiytetrafluoroethylene material (Gore- 
were evaluated as jrriplahte for 
; application in facial plastic siugmen^iuon 
^l^ritf reconstructive surgery. The Gorortex 
||byjlnder material, which has an average 
li jnternodal spacing of 30 Mni, became per^ 
; meated with viable connective tissue. 
|; jrew histiocytes and giant celis accumu- 
lated at the imptant site, a sign that lltUe 
chronic inflammation and foreign-body 
^reaction were present. HAature connective 
i: tissue around the implant appeared to 
liiform a strong supporting envelope for the 
liiinaterlal, yet the implant couid be easily 
:: dissected from the subcutaneous tissue 
: and could be removed en bloc without 
: difficulty. Qore-Tex is a versatile material 
i ^that seems to have a favorable future In 
facial plastic and reconstructive surgery, 
i CIInlcal studies will define that potential 
i more clearly. 

{Arch Otolaryngol 1983;109:427-433) 
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Knowledge requisite to the practice of medr 
icine rests up6n . . . stvdies qf living inen in 
heattk and disease; studies of deed rnen; 
and correlated sttidies upon the tiywer -mi- 
mala. . . . Clinical science has ike: kntg- 
established right to Wander unmp^ded into 
any branch if medical science in sectr^ of 
information directly relevant to the pr<£- 
lems cf human disease. 

Sir Thomas Lewis' 



Most facial plastic and reconstruc- 
tive surgeons, confronted by 
numerous challenges in cosmetic and 
functional reconstruction, prefer to 
use autogenous bone and cartilage 
because they are biocompatible. How- 
ever, preserved allogeneic cartilage or 
bone (homogr^ts) or isynthetic 
materials must be used in reconstruc- 
tive operations when autogenous tis- 
sue is unavailable. A variety of syn- 
thetic materials is readily available 
for soft- tissue augmentation.* The use 
of synthetics can allay some of the 
problems associated with obtaining 
autografts and preserving allografts. 
Unfortunately, the incidence of infec- 
tion, rejection, and other associated 
problems may be unacceptable, par- 
ticularly in nasal reconstructive sur- 



gery, where the thin covering of skin; 
and frequency of trttiima ^ tend to 
potentiate these problefe 

Autogenous bbne, ckrtilage, '■■ and 
other coimectiye; tissues! are <;ert«ii^^ 
biocompatible; ho^ver^Jthe (iegreeioj 
absorption is^ somewHat unpredict- 
able, the grafts niiay warp and become 
distorted, and harvesting usually 
requires an operation at another site, 
which sometimes prolongs the opera- 
tion time, increases the incidence of 
postoperative morbidity, and creates 
a cosmetic def onhity at another site^^'^ 
Allogeneic bone atid c;artilage (homo- 
grafts) can be harvested frotti cadav- 
ers, subjected to radiatibni or freezing, 
and stored for long periods.' Biit 
again, the degree of; absorption is 
somewhat unpredictable. For these 
reasons, great demand exists for an 
"ideal" synthetic material for nasal- 
facial augmentation and reconstruc- 
tive procedures. 

Because reports in the literature of 
the outcome of various implants are 
conflicting and often anecdotal, this 
study was designed to systematically 
investigate and objectively evaluate 
several forms of a relatively new 
material, poljrtetrafluorbethyleiie 
(Gore-Tex), and to compare it with 
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two GtKOT t^teria^^^ 
polyteti^aflporoetliyidniB icarbon (Pro- 
; piaist) ^d'poroqs pblyeth (Plas» 

IftD^liw TOfi UTERATURE 

: In: "detjE^Iie^ B^^^'^.j 

one feds ^ that many : iiiorganic 
mjiteiriai 

: itLirJilei^ cptki ^i^i^lii^iii^ ita^ and 
iitxi^y haviB ; beietn ti^^ 
by inje^tioin of pe^^^ paraffin, 
abd ^leM^ attempted. Iii 

the i : ipis^t^ ^ ® 

;:v^ : iiiiti^ .: ^nttosiasnii: 

m^tiyi;; ineiiis^ctyU^^l (ie, Plexjglas, 
Pati^E^^^^ PiaJavii),: th^^ 

the iijifOs; was: a: ^ea,t:d!e|a^ 
iitefefiii in sOtcob^e 
asii for most of theiie; except Fk)Iyain- 
ide mt^sb {Sbpramid) and ■ '■. ppiyester 
i fibei* $^^ 

tijoriii : i^^^^ ^ixtrusion were 

common^: p^^ tb^ 
material s;: w^re nipt incori»6r iifJe into 

about i epi|&i jn6nta^ iindiictw ; sar- 

: ;1$e^^^ 9^e; and coinpatible 

syntbeficiater^ aiifor nisw de^^^ 
Pi)meii1a: &^ manufaLctoiiig ;ar€i well 
:ino^?n^I^^ 

Jipdiy fit^i^ j?biytetr^ 
lene darliin, porous pojyethyiene, and 
Silastic were done in rabbits to com- 
pare thidir biocompatibilities." Silas- 
tic wa3 nbt securely incorporated in 
the; recipient site and w^ easily dis- 
placed,: a well-known clinical observa- 
tion. Polyaniide mesh contains black 
pigment) but the pigment was not 
grbssly apparent and: the material 
becme securely incorporated- It 
seeibst: to be satisfactory in: clinical 
practice, and the incidence; of long-r 
terni cornplications appears to be 

Another synthetic materiali poly-^ 
tetrafiuoroethylene carbon, was stud- 
ied; in experiment^ sinus cavity oblit- 
eiratipn, in ■ soft-tissue implantation, 
and in : middle ear surgery.'^*'* It is 
manufactured; from two polymer fam- 
ilies— polytetrafluoroethytene (Tef- 
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Ion) and pyrolytic ijgi^^ 
The bulk chemistry, sinfatoe atea bnd: 
geometry^ dynanaic ;mechan5cal;:char-; 
acteristicSf and surface chemistry of 
the material have ^ been reiipi^ as 
favorable; iiowever,k 
tO: ishrirjc^^ w^ pudter the ^i^ 
skib, abd iii; iiiluces is chrpbic inflam- 
matory reactipb^ 

Porous ipolyethylehe is one of the 
most recently described synthetic 
materijfcls:; It is a porpu^ sufistance 
composed ; of ; hightdensity; ; pqlycithyi:: 
:ene iand i; is ^d^sjB^ as ^a si)nn^ 
poiygK^ pi^rmeat^a^^^ 
ipiiaterialwl^ 
iniiately^^ 

;.u^ Jn inuiidte €fa'r surg^ 
: ; ; ] Wiie CH^urr^n<?e of irif ectibn is 
■f&i/iri^^. cbbcetn in aby grafting 
; pirtwedure^p wheb-sybthetr 
ic mb-terials are used. Littie has been 
dpiib to study the ;}nteit:iactiobs 
between bacteria and various synthet- 
ic bibterials, with the:ex<jeptioxi of the 
work: by Eecheiet d,^* JVi^ et al,*' 
arid Karibb et il:'^| A; higher iiMuden^ 
of -iitfection is associated with silir 
cones than witi fiubrocarbb^ 
^bsk implants. It could 6o$y be ; con- 
cluded that there were importiattt dif- 
ferebces in the incidence of infectiob 
with sibilla^^ implabt surface ktnic* 
tiirbsJ* The^^^ the rbt^B of 

infection and implant porPsity are 
conflicting. : lb short-term animal 
nlodels, the infection rate with porous 
materials was gi^ter, in thp: longr 
term model, the infection rate was 
greater with dense materials after 
tissue invasion.*' One would expect 
that materials with pores that exclude 
WBCs but not bacteria would be sub- 
ject to a higher incidence of infection- 
That subject and the mechanisms of 
bonding of cells to iniplant materials 
are poorly understood. 

In studies of various implant 
materials; it is important to know 
about their chemical and physical 
properties, ; eg, surface properties, 
heat resistance, surface area, geome4 
try of the surface (porosity and 
spaces), dynamic mechanical charac- 
teristics (consistency; : fatigability, 
long-term structural ibtegrity, hatrd* 
ness, and elastidty), and the potential 
to induce malignant change. In a more 
practical sense, surgeons are most 



iCbbc^iirrie^ ;abbuV ;;Jhe 
bijajbr TO^ 

dislpc^tibn, disicpioratipn; ibddebce of 
infection; ease; of removal^ ability to 
parve anid fllwipe,lkui^^^ 
ments, Mid cbst.; tjomj^^^ is best 
assessbd in yiyp, first; ib animak and 
thtin iri;clbi.(ialMi^^^^ Qbseryations in 
animals shpuld::;be< a long- 

ferin hasis, p^e?ei::^ly;;f or one year. 

MATERIAt.Sf^^^ 

Twenfy-nibe i^^^ Zea- 
; labd wiii^ rl^hitsj d^to lft mbntba old and 

i ^eighiagir in the 

jexpisiiinJtn tor the A^a^i- 
: bu$>implan^^ 

dnal spac^ of th^ pinbs W 

Otis tissues ; cif : :thfe : paraspinaj 

r^on. 

vti^i|ijanis: ■ 

'^!hfe&.i^f^ implant 
materials wet^e <evaluated-:^Gp tef- 
lori^lapraiiiated poly^^ 
lk)n;iand:li¥^^ 

Gtit^^Tex h poiyte^ 
tir^at^uproethy ubiqu^ striKture is 

6c|ib)^ed ; of ; iiodule^; of solid pplytetra-^ 
iflpbrbethyltebe ;;; iflte thih> 
flexible fibrite ;df ;;|)dytetrafiuoi^thyleb^ 
Tbi^ irtateria] is manufactitfed in various 
fibril; leiigthsi and th length of the fibi^ils 
detei^ihes the accessibility of the open 
spaces to infiltration by connective ti^ue; 
The major medicflil application of this 
raatenal is^ m vessel : ireplacement.'* The 
matiesriaJ is ptod^^^ pure polytptra-; 

ftiioribethjrlenfe process ;deyelopNeid by 
W. L/Gbre & AiBsbciiates during the late 
19603. Animal studies began in 1970, and 
the first human vessel repliacement proce- 
dures began in late 1971. The vascular 
graffe have a high bur&ti rig strength, high 
sbture-holdihg capacity that resists pull- 
out; excellent bs^ndling characteristics, and 
good biocompatibilityv On the basis of the 
experimental studies and the human work 
with the vascular grafts, the material 
seemed to be desirable for facial plastic 
reconstructive surgery. 

Accordingly, three types of Gore-Tex 
materials were implanted in rabbits: <1) 
industrial membrane. 0.25-mm thick with 
an internodal spacing of 10 fim {f ig 1, top); 
(2) patch material. 1.1- or 1.7-niin thick 
with an internodal spacing of 10 tan (Fig 1. 
center); and (3) cylinder material, with an 
internodal spacing of 30 Mm, cut to various 
thicknesses (Pig 1, bottom). 

In previous experiments, Brown et al'" 
evaluated polytetrafiUoroethylene carbon 
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fin detail. Because the black material could 
|be seen through thin skin and because the 
: material is widely used elsewhere and is 
iiiiwtentially of use in cosmetic surgery, Te^ 
;: Ion-laminated sheets, 0.7-mm thick (0.3 
;>;nim of polytetrafluoroethylene carbon and 
i;p:^^0.4 mm of Teflon on one surface) were 
!#: devaluated in this study. Polytetrafluoro- 
li;!; ; ethylene carbon is 70% to 90% porous and 
;h^ a mean pore size of 200 to 500 /tm. It is 
|i:;:;;;prepared from Teflon fluorocarbon poly- 
|:% femer and carbon fibers. The carbon adds 
p;;;: - strength and renders polytetrafluoroethy- 
I xllene carbon wettabie to body fluids. This 
III;: ; property, it is suggested, permits precipi- 
|::;;;;; ; tation of proteins in a denatured form to 
|;:#;:Teduce the rejection process. The Teflon 
I iiiil- lamination imparts a white appearance to 
||i;;:pne side (Fig 2). Polytetrafluoroethylene 
III ;diarbon is offered as the preferred implant 
Ipi fpr total ossicular replacement prosthesis, 
1 1:;:!:: facial coutour deficiencics, clinical aug- 
|;:|;:;|mcntation, and alveolar ridge augmenta- 
;p:|;;-;ti6n. 

:||:; ■ .; In another study, porous polyethylene at 
ix)re sizes of 20 to 30 /on was evaluated.'" 
|;|i;:;;The material is rather rigid and not infil- 



Flg i.— Scanning electi^on micrograph of pbjytetrafiubroethylene nodes interconnected by thin 
fibrits— Gore-Tex. top. Industrial membrane (sheeting), in which average Intemoda! 8j:iace is 10 
/im (X2,000). Center, Patch material, in which average Iritembdal space is 10 :(X2.bop). 
Bottom. Cylinder (rod) rnaterial. in which averege Interrwdal space is 30 ^ (X 1,000). 



Fig 2.— Implant materials. A. Gore-Tex industrial mernbrane (at left), patch (at center), and 
cylinder (at right). B, Squares of Teflop-coated polytetrafiuoroethylene carbon material (Pro- 
plast) 10 X 10 mm. C, Squares of porous potyethylene (Fleet j-Pore), 10 X 10 mm. 




trated at all with connective tissue; there- 
fore, in this study, pieces of porous poly- 
ethylene 0.4-mm thick with a pore dianie- 
ter of 175 fim were evaluated (Fig 2) to 
determine if this material in a more porous 
form would be more firmly incorporated 
into the recipient site and not subject to 
displacement by trauma. 

Experimental Groups 

The 29 rabbits were divided into groups 
to compare the various materials at the 
three recipient sites. Gore-Tex patch mate- 
rial was implanted in six rabbits, mem- 
brane material in six rabbits, and rod 
material in five rabbits. Porous polyethyl- 
ene and polytetrafluoroethylene carbon 
with Teflon each were implanted in six 
animals. 

Assessment of Recipient Sites 

During the postoperative period, the 
recipient sites were examined every one to 
three days for signs of seromas, flap (skin) 
necrosis, infection, rejection-extrusion, 
scar formation, warping, and distortion. 



Flap necrosis, if any, was recorded as a 
percentage of flap: necrosis, and the degree 
of implant extrusion was reported as 
either partial or total. Seroma formation 
was recorded. A scale of 0 to +3 was used, 
in which 0 meant none was present, +1 was 
minimal or few, +2 was moderate, and +3 
was large, extensive, or many. Each obser- 
vation was scored, and the mean score was 
recorded. 

The ariinials were killed by administer- 
ing a lethal dose of pentobarbital sodium 
six weeks, six months, or 12 months after 
surgery. The ears were; shaved on both 
surfaces, and the recipient sites in the 
pinnae, face, and back were excised widely 
and fixed in 10% buffered formaldehyde 
solution for at leiSSt bhe week. With a 
rotary microtomei step sections were taken 
at approximately 3-mm intervals through 
the implant and surrounding tissues. Each 
spednaen was stained with hematoxylin- 
eosin and evaluated microscopically by 
three observers. 

The cellular responses associated with 
the implants were studied at X44, and the 
number of histiocytes, giant cells, lympho- 
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Table 1.— Seroma Formation Around Pinna tmptants 
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' 1 Indcates smafl: 2; moderata; and 3. large. 
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T^bie 4.— Relativ© Numbers Of Histiocytes (Macrophages) and Giant Cells at 
Irriplantation Sites 
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Implant 


6 wk 


6 mo 1 yr 


GOre-Tex 


+2 
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Pbiroua potyethylerie (Plasti-Pore) 


+1 


+ 1 +1 
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+3 
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*.4:1 indteatea few; .f2, moderate nurnben and +3. many. 



cytfei, pblymoijphonucleai' leukocytes, and 
pl^ina cells vrere graded at XlO, with the 
same gradiij^g system, to report thfe find- 
ings^ 

^ AjiesthesijaLiwas induced with p6ntobkr- 
bital* 30 to 35 miUigraih per kilogram of 
bodyi weight, whi<:h was iiiij^ted into the 
saphepous vein; of eiUier hind leg. The 
technique of implimtatiori in th^ s*^"! 
b^i described previouslyi^?** A broadly 
baied flap of skih^ ab:d pericV^driUm 
based: anteriorly was ekvated from thb 
cartilage oh the ventral (concave) surface 
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of each ear; an operating microscope was 
used for magnification (X6j. A lO X lO-mm 
template w^s used to demarcate the piece 
of cartiii^^ to be remoyed. The scored 
lO-nim-sciuare piece of cartilage was 
remoyed, and the perichondrium beneath 
the cartilage was preserved. A 10 X iO-mm 
piece of te^t substance was then sutured 
into the defect with two 4-0, plain catgut 
sutures at opposite corners. The flap was 
replaced, arid the Skin iedges were approxi- 
mated with a continuous 4-0 plain cai^ut 
sdtiire. 

The facial implant sites were shaved and 
washed with alcohol and thimerosal. Two 



paiiilifelilhdeio^ were m^ei dpwi^^ 
peridstciuiii i in ; ^ he • ifciii : of ^lie ; : ftwieheaid 
between iiS^^taneous ; iw^ 

;^to^hipned^)iq^ >be 
itiW^i^iii^S^ 

the ■■n^pi^l'iiicM^ *>f ^:tj^l?i 

iijij]piyo)Hm^ ^^P, 
didha^ Wasyj^^ 

itiikfeHal ■ Vaif then;- p^^^^ >ach ppirket; 
wMi :ftwiy!;-fr6m; 
WoUnd0 . oclpa^ : : witii 
plain ca'tgtit satufes ^ ■ 

The recipient: aiies ::alohg the doyafal 
p6ir&3piit$l I'egidn wert prep^are^ A tt^nsT 
i;erke incision was niade:6n each side df the 
spine, ■ and, smaii;' iulj^ut^ P^*?^ 
w0r(e; deii^cloped; on ;the paraspinal muscle?, 
The::::tea^:;:m intQ th^ 

ppacei8,;:a^^^ closed with 

4i^0^ ' iit^i^ catgut sutiwi 

iSach ijirabbit ; wis ; Igiveh unit^::! Cff 

periicihin G beuzaiihine intraniuscularly in 
tiie hind leg.: ^ 

back, the iiScisfon^i^ proippt;Jy, 

heniiatdn^^^^ fj^^l iiecb^^^^ 

Wsirpiiig, ior-:*^^ erf jthe 

implants;: 

The pinna : oi:l^ ihoweyer, 
ajkain prqyed to l?^e an excieljfent site: to 
assess ; ;bipt^mpa^ inv termi of 
seroriia formation, flap hecrosis, and 
implant extrusion. The pinna is stib- 
jected to frequent movements, and the 
skin of the pinna and that overlying 
the implants is thin. Small seromas 
appeared at the Gore-Tex recipient 
sites in about half of the ears; no 
moderate or large ^romais were 
observed with Uiis material. However, 
setomas devielpi)^^ iii most of the 
porou^ pblyethyiene and polytetra- 
fluproethylene carbon recipient sites 
in the ear, and they were of moderate 
to large size in eight (33%) of the 24 
ears (Table 1). The incidence of grade 
2 and 3 seromas was significantly less 
in the Gore-Tex group by analysis 
{P < .001). The seromas persisted for 
a loiig^r period in the polytetrafludr- 
oethyiene carbon group. 

A striking difference was al^o seen 
in the incidence of flap necrosis at the 
ear implantation sites. Again, the 
Gore-Tex materials were most bio- 
compatible by this criterion. In only 
two of the 34 implantation sites did 
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|: f ig 3.— Gore-Tex patch material implant (I) in 
pinna does not appear securely embedded In 
l^ii^saue (hematoxylin-eosin. X64). 



|:tbe degree of flap necrosis approach 
i:|50%; in both instances, the material 
; was the thin-membrane type, which 
. has small internodal spaces. In con- 
: ; trast, the degree of flap necrosis 
i rekceeded 50% in six of the 12 ears 
j i with porous polyeithylene implants 
; and in two of the 12 ears with poly- 
;:i :tetrafluoroethylene carbon implants, 
iv; Seven of the 12 ears with porous poly- 
ethylene implants had 50% or greater 
: flap necrosis, and five of the ears with 
; ■ pplytetrafl carbon im- 

iplants had 50% or greater flap necro- 
i sis (Table 2). The occurrence of necro- 
:si9 was significantly less in the Goi-e- 
Tex implant group than in the poly- 
ixitetrafluoroethylene carbon implant or 
isporous polyethylene implant group 
(CP < .001). 

; There were no instances of either 
I partial exposure or total implant 
I extrusion with the Gore-Tex 
iiimiaterials (Table 3). Portions of the 
i i>orou8 polyethylene implants in the 
: e^ar became exposed in four ears, and 
: there was total extrusion of the 
; :fK)rous polyethylene implants in three 
others. Therefore, there was partial or 
: total extrusion of seven (58%) of the 
12 porous polyethylene implants. A 
iportion of one of the polytetrafluoro- 
lethylehe carbon implants became 
^ttqwsed, and two others were ex- 
truded. Therefore, three (25%) of the 
12 polytetrafluoroethylene carbon im- 
plants were either partially or totally 
extruded. The incidence of extrusion 
^hen Gore-Tex was compared with 
porous polyethylene and polytetra- 
ifluoroethylene carbon was signifi- 
scantly less (P < .001). 
I A particularly important observa- 



Flg 4.— Gore-Tex industrial membrane materi- 
al in pinna. New cartilage can be seen In 
perichondrium, which was preserved when 
piece of cartilage was removed and implant 
was jr>serted. Implant (I) does not appear to be 
anchored firmly, although some tissue is 
attached to surface of specimen (hematoxylin- 
eosin, X64). 



Fig 5.— Gore-Tex cylinder (rod) niaterial in 
pihha. Irhptant (t) is firmly anchored, and 
intel-sticcis of cylinder material are partially 
fitted with thin boltagenous niatrix, fibroblasts, 
and functfohai c^jpiliaries. There lis good sur- 
face attachment (hematoxylin-eosin, X64). 




Fig 6.— Teflon-coated polytetrafluoroethylene 
carbon (Proplast) implanted 8ubcutarw)U8ly 
in face. Thin connective-tissue layer beneath 
implant (I) is adjacent to periosteum of frontal 
bone. Highef-powor views shoW moderate to 
large nurfiber of histiocytes and foreign body 
giant cells around and within implant (hema- 
toxylin-eosin, X64). 



tion was that, despite the Teflon layer 
of the black polytetrafluorbethylene 
carbon implants, gray discoloration 
was clearly visible beneath the skin. 
This was observed throughout the 
course of study and when the animals 
were killed at six weeks, six months, 
and 12 mouths. No discoloration could 
be seen beneath the thin ear skin over 
the Gore-Tex and porous polyethylene 
materials. 

Microscopic Findings 

The relative numbers of histiocytes 
and giant cells at the various implan- 
tation sites— in the ears and subcuta- 
neously in the face and back— are 
given in Table 4. The cellular reaction 
in the vicinity of the Gore-Tex and 



Fig 7.— Polytetrafluorbethylene carbon (Pro- 
plast) implant in pinna. New cartilage forma- 
tion is apparent, but ^polytefraiflubrbeiibi^ 
carbon has virtually disintegrated, anid thiere 
are large numbers of histiocytaa and fbi^idlgr^ 
body giant cellar Ajthough chroriiic inflammato- 
ry reaction persists at one year, implant (I) 
appears stabilized in connective tissue (hema- 
toxyjin-eosin, X64). 



porous polyethylene implants was 
minimal in the specimens six months 
and 12 months after implantation. In 
and around the polytetrafluoroethyl- 
ene carbon implants, however, there 
was a profusion (-*-3) of these cell 
types, and this was noted at six weeks 
and six months postoperatively. The 
reaction diniinished to moderate (+2) 
at one year. : 

The Uiree types of GoriB-Tex materi- 
al were analyzed separately. The 
microscopic evaluation of the patch 
material disclosed slight tissue at- 
tachment to the surface of the materi- 
al, but there was no evidence of cellu- 
lar or tissue penetration into the 
material. There were a few scattered 
histiocytes and giant cells along por- 
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Fig 8.— Porous p<iiyGthyfene (Plasti-Pore) 
Impiant in pinna is thoroughly infiltrated with 
dbnnective tissue containing capillarid?. PeW 
histiocyids and glarit ceilsi are seen. Material 
(i) appears securely anchored in implantation 
site (hematoxylin-eosin. X64). 




Fib 9;— Porous polyethylene (Plasti-Pore) 
impiant in sul>cutaneous tissues of forehead. 
Clear white areas are porbus polyethylene, 
and around them, connective tissue and capil- 
laries filt spaces (pores).. There are few histio- 
cytes and gtaryf cells. Material (I) appears 
securely anchored at surfaces (hematoxylin- 
eosin^ X64). 

tipiis of the outer surface, particularly 
in the six-week specimens; with time, 
few of these cells were observed. The 
implants did not seem to be embedded 
securely in the tissue (Fig 3). 

The microscopic findings of the 
industrial linernbrane material were 
similar, TJier:e was slight tissue 
attachment to the surface, but there 
was no evidence of ceUular or connec- 
tive tissue penetration of the materi- 
al. A few histiocytes and giant cells 
were seen at the surface of the mate- 
rial. The implants did not seem to be 
anchored firmly into the surrounding 
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tissue, but the tissue surrounding tjie 
impliuotei&ppear^^ healthy (Fig;4).j 
; In cpntrasti the GprerTex iq^iiuder 
ijaaWial, Wger iitiernoiial 

^pjacies (30 /lii^^ ahdiorbd 
fimly in the 9urr(D^undintg tissue (iPig 
5). A few more histiocytes and giapt 
cells were seen along the surface of 
the implant The interstices of the 
Cylinder material wiere pi^ fillied 
with ia tbiti collagenous miatrixj ftfep- 
Blasts, and functional capillaries, "fts- 
sue appeared to be attached to the 
surface of the ; implant, and this 
extended into ihe interstices of the 
material. Although the cylinder mate- 
rial w^ firmly anc^^^ in the tis- 
sues, it could easily i)e dissected from 
the subcutaneous tissues and removed 
eh. bloc ; 

Numeripus macrophages for-: 
eign-lx>d^ fi^aht cells surrounded the 
fK)lyfet3rSfluojfp6j^ carbon^ 
plaiits aiid lao^ within thespacegr;^^^ 
hvjiteriai. PUbroils cbiinedtiy^^^^ 
and capdliariea wei^^^^s^ 
face of th^ mafeal 
the The 
implaiits- app^wd to j ilje ahchoi^d 
firhily but som^hat fragmented, and 
littiie of this Was; ^ cutting artifact 
(Figs 6 and 7), 

A few histiocytes and giant cells 
were seeb iaround the porous polyeth- 
ylene implants. Slight tissue attach- 
ment to the surface of the material 
was noted; however^ connective tissue 
with functional capillaries permeated 
the large pores from surface to sur- 
face. Microscopically, the porous poly- 
ethylene implants would appear to be 
anchored firxnly in the tissue (Figs 8 
and 9). Nevertheless, there were high 
incidences of flap necrosis and extru- 
sion of the implants, probably because 
of the hardness and lack of flexibility 
of the material. 

COMMENT 

Most plastic and reconstructive sur- 
geons prefer autogenous bone or carti- 
lage. Autogenous tissue cannot always 
be obtaiinied, additional time is con- 
sumed at : operation, and additional 
morbidity is associiated with the donor 
sites. Allogeneic cartilage and bone 
can be prepared satisfactorily by 
either f reedhg or irradiation and can 
be preserved; however, these proce- 



duOr^f are certainly not asf simple :as 
tM)iiijet^c=^^o^ iSrepickiged synthetic 
piiatbnkiis, axid the but^me id not as 
predictable.' In addition^ ^at 
c^i^: must : be used :to biiiked 
miteriiais st^srile; ;6i^^^^ : ! 
iii^^jm^ ailpgener 
ic gtii^ 

itt^^ibrtint ^ jiiiye ijra^ 
thiti arciii*^ 

The Gorie-Tex cylinder material 
with 30-iuiii internodal spaces and thin 
and flexible fibrUs seenis to be more 
ideal than polytetrafluoroethylene 
carbon or porous polyethylene im- 
planits. The internoda spacing and 
relatively ; long* thin fibrUs permit 
secure anchoring of the implants at 
the sutface and by connective tissue 
ihglrowth. It is bioconipatible, because 
histiocytic and foreign-body giant cell 
reactions in the: ^unrounding tissues 
are miftimaL It retains its structural 
integrity, can be shaped by carving 
with a sharp instrument, ami is mod- 
erately soft. It Would cushion direct 
iinpacts. The cylinder material did not 
appear to mi^ate, and it was not 
dislocated from the sites ih the pinna 
that are subjected to continual trau- 
ma. There was no evidence of infec- 
tion at any of the recipient sites. An 
average internodal spacing of 30 /im, 
which allbwed tissue ingrowth, pre-r 
sumably would allow migi-ation of 
WBGs and control of infection 
throughout the material. It can be 
removed easily, despite the tissue pen- 
etration and the supporting envelope 
of connective tissue. 

Porous polyethylene was a good 
material to study for comparative 
pufposeSi ; : In previous studies of 
porous polyethylene with pore sizes of 
20 to 30 Mifn, comparable with that of 
the GorierTex cyiinder material, the 
incidences of flap necrosis and extru-i 
sion were higher than those with pply- 
iamide mesh and polytetrafluoroethyl- 
ene carbon implants.*'' In this study^ 
the same problems were observed 
with the porous polyethylene material 
with a pore size of 175 i^m. Porous 
polyethylene material is biocompati- 
ble and retains itis structurial integri- 
ty, but it is slippery and rigid. The 
rigid consistency 6f the material is 
probably responsible for the high inci- 
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•"Sonce of extrusion. Extrusion oc- 
r^tirred, despite extensive permeation 
ipf the large pores and honeycombed 
:|6nfiguration with viable connective 
i iissue. In other words, excellent tissue 
rijofiitratipn was not necessarily con- 
:r^istent with stability and permanent 
iiipcorporation into the surrounding 
i|js$ues. In short, porous polyethylene 
'i)naterial seemed to be rather easily 
^pslocated with trauma; furthermore, 

was not easily sculptured. 
^ The blackness of polytetrafluoro- 
thylene carbon material, even with a 
coating of Teflon, was readily appar-; 
■jmi through both the skin of the ear; 
iii^nd the thicker skin of the face and 
:back. This is a serious drawback in 
i^acial plastic and reconstructive sur- 
i gery, one that has been noted in clini- 
| c;ai trials." '* Of equal concern is the 
^Question of biocompadbility of the 
.material; during this study, large 
inumbers of histiocytes and giant cells 
vifere found throujghout the diaterial 
^d in the surrounding connective tis- 
; siie. Of even greater concern was the 
finding that the polytetrafluoroethyl- 
ene carbon appeared to disintegrate 
;and lose its structural integrity. A 
iliirly thicjk layer of connective tissue 
around the material stabilized it Ih 
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the long term, it would seem that a 
great deal of scar would form around 
and throughout the material. The 
implant would be difficult to remove 
in the presence of infection. The inci- 
dences of implant extrusion and 
necrosis of the ear flap skin were 
similar to those of porous polyethyl- 
ene. However, the material is easily 
sculptured. 

Neither necrosis of the overlying 
skin nor extrusion occurred with aiiy 
of the synthetic materials inserted 
into the subcutaneous pockets be- 
neath the skin of the face and back, 
presumably because the skin and sub- 
cutaneous tissues overlying the im- 
plants in these regions are fairly 
thick, the sites are relatively inimo- 
bile, and the blood supply is good. In 
contrast, the rabbit pinna is a much 
better site for more subtle observa- 
tions, for critical analysis, and for 
clear observations of the fate of the 
various implants. The implants in this 
site are covered by thin skin and are 
subjected to repeated bumping ajid 
trauma. I think that the result of 
long-term observation for necrosis of 
the skiri overlying the implant and for 
partial or total extrusion of . the 
implant is a good measure of what 
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will happen beneath the skin of the 
nose. The highest incidence of skin 
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